Abstract -This paper presents design optimization of hybrid renewable energy system based on solar and biomass energy resources. The optimization is using HOMER software to get the best and optimal operation system. The optimum sizing of the Hybrid Renewable Energy System (HRES) is determined based on optimization and sensitivity analyses in order to get the best combination or solution of the proposed development. The optimization of HRES considers components selected, its sizing and operational strategy to provide the reliable and efficient system. The excess energy created from the HRES has also been evaluated. It will consider on minimizing the excess energy of the HRES. Data of solar radiation and biomass resources are analyzed and simulated in HOMER to assess the proposed HRES. Overall performance of the HRES will be evaluated and finally analysis will be performed to get the optimal design of the HRES for the pilot area selected.
INTRODUCTION
Nowadays, the power system utility has started to consider green or clean power generation methodology due to rapid depletion of fossil fuel reserves as well as climate change. It has become a trend that power electrical engineer to use natural sources such as solar energy, wind and biomass as an environmental friendly, less cost, more sustainable to become alternatives for normal energy sources. However, all these renewable energy resources are not available all the time throughout the year lead an electrical engineer to do many research works related with hybrid renewable energy system combining multiple natural resources. The energy generated from hybrid renewable energy system has a high quality and more reliable to end users rather than a system based on a single resource.
The main objective of this research is to find the best stand-alone configuration of hybrid renewable energy system in terms of optimum sizing and strategy of operational aspect with solar energy and biomass resources.This research also aims to develop a dispatch strategy on energy management for the selected hybrid renewable energy system. Finally, this research will evaluate the proposed hybrid renewable energy system in terms of the greenhouse gas emissions.
II. LITERATURE REVIEW
There is an increasing development of various renewable energy systems due to rapid depletion of fossil fuel reserves as well as climate change recently. In Malaysia specifically, the renewable energy is significant agenda focused by the government through Green Technology Policy [1] . Due to the price of oil around the world and cost of grid line extension are rapidly increasing, and combined the high carbon dioxide emissions produced from daily activity on the earth, renewable energy system has become a significant alternatives to an electrical power utility provider. From the economical side, the cost of energy generated from the normal utility sources is less than that the renewable energy sources but with multiple resources for renewable energy system, the cost of energy generated can be reduced. Multiple natural resources of renewable energy system are also known as hybrid renewable energy system. Hybrid renewable energy system has a great potential to provide a reliable and better quality power supply. The hybrid renewable energy system can be developed either as a stand-alone system or as a gridconnected system if utility grid is available on that location. All of these depend on load demand and the strategy of operational needed by user or utility provider.
A stand-alone renewable energy system is an off-grid system for locations that are not fitted with an any distribution system. A stand-alone renewable energy system needs to have sufficient storage capacity to handle the power variations from the renewable energy sources involved [2] . This system is also known as a micro-grid since its has their own energy generation sources and loads to be catered. A grid-connected renewable energy system is a power system energized by single or multiple natural sources which are connected to the utility grid. This system can supply to the local loads or to sell some amount power to the grid based on Feed-in-Tariff that launced by policy makers. The capacity of the storage device for these system can be smaller since the grid can be used as a backup system [2] . Solar energy from sunlight is very useful and it is very sustainable energy. Malaysia is one the lucky country that getting the consistent sunlight throughout the year. Therefore, more reliable power can be generated from the solar energy based system. The solar panel with the various sizes, which is also known as solar photovoltaic (PV) panel, captures the solar energy using PV cells. The PV cells that exposed to the solar energy will convert the sunlight to the electrical power energy which can be used by the local loads. The solar PV panel can be used for a very long time such as 20-25 years with less maintenance compared to the others equipment that needs regular maintenance and monitoring. The PV cells also do not need a direct sunlight exposure because it can still generate some electricity during a cloudy weather.
Malaysia also is a country rich with biomass energy resource where as many materials can easily be converted to biomass. Malaysia is rich with tree and many others agriculture commodities, and these commodities have widely been used as the biomass energy resources in Malaysia. In addition, oil palm is one of the largest agriculture products and many researches or applications have been developed for converting the by-product of palm oil waste into biomass commodity. The prospect of oil palm related biomass energy resource is bright as it has become major sustainable energy in Malaysia and world wide market.
The most contributors from the palm oil industry such as Empty Fruit Bunches (EFB), Palm Oil Mill Effluent (POME), Mesocarp Fiber, Palm Kernel Shell and Palm Kernel Cake (Residues). The 2012 biomass production from oil palm products, Empty Fruit Bunches (EFB), produce more than 18 million tonnes and palm kernel shell produce more than 8 million tonnes. This data is captured by MPOB. Being a major palm oil commodity producer in the region, Malaysia can be a big name among the Asia countries to promote a biomass for a renewable energy system. Therefore, the hybrid renewable energy system consisting of solar and biomass resources are proposed. In order to obtain electricity power energy from a hybrid system reliably and economically, its design must be optimal in terms of sizing and operation strategy [3] .
A combination of one or more resources for Hybrid Renewable Energy System, will improve load factors and help to save maintenance and replacement costs as the renewable resources can complement each other [8] . Designing a hybrid system would require correct equipment selection and sizing with appropriate operation strategy [9] and [10] . Initial optimization and component sizing methods are based on the worst month scenario leads to non-optimal design with excess capacity [11] . There are studies have been done by [10] and [12] to find out the optimum sizing and the suitable power management to meet different load demand by the users. Based on previous researchers findings, many of optimization result shows the optimum sizing and the best combination of the equipment for their system to meet the load demand but some of the results show the excess energy more than 50% because of the problem of maximum usage of component capacity is neglected [7] . This paper shows that the HRES developed will produce energy to meet a load demand with minimum excess energy and the cost of energy (COE) for the system.
III. METHODOLOGY
The pilot area, where the system was planned to be considered for the optimization work is Halal Products Research Institute in University Putra Malaysia. The selection of IPPH also refers to the available large area around the IPPH's building which can be used for development of the system. It is also located next to the highway dan it easy access from the road. It is necessary to facilitate the delivery of biomass stock to IPPH for use of the proposed system.
The varitions of solar energy itself generally do not match the time distribution of the demand [4] . Therefore battery storage facility is used between local loads and HRES generation in the power systems to smoothen the time distribution mismatch [5, 6] . The Biomass Generator was selected for this study for overcoming the problems with varying wheather conditions in Malaysia. Therefore, the hybrid renewable energy system consisting of solar energy and biomass sources is proposed. The proposed system is shown in Figure 1 . The main contributor of the system is biomass generator and solar panels, whereas batery is considered as a storage and backup purposes. 
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The load profile was formed by using the past electricity data captured by Development and Asset Management Office, University Putra Malaysia. The meter selected named as IPPH 1 Infoport. The characteristic of load profile is very important to the system optimization. The operational hours for IPPH are 24 hours 7 days per week running. From the site visit, the building energized by IPPH 1 Infoport operated with a lot of research high-end equipment which consumed a very high power every day. The load profile of the IPPH 1 Infoport is shown in Table 1 . 
A. Solar PV Panels
The solar PV panels has a capacity of 1kW with initial cost of $800 and its replacement cost at $600. The cost of annual operation and maintenance is $50. The lifetime is assumed for a 25 years. The monthly averaged for direct normal radiation and clear sky insolation clearness index is shown in Table 2 . 
B. Biomass Generator
The Biomass generator has a capacity of 15kW. Its initial capital cost is $8,000 and its replacement cost is $6000. The cost of annual operation and maintenance is $0.50/hr. The lifetime operating hour is assumed about 15,000 hrs. The biomass resource has been considered for this generator is palm oil waste product. One of the palm oil waste products is palm kernel. The data production of the palm kernel for 2012 has been used for this study. The monthly production stock and the average of daily production are shown in Table 3 . 
C. Battery and Converter
The Surrette 4KS25P lead acid battery rated with nominal voltage 4V and has a capacity 1,900Ah (7.6kWh) has been selected. In this proposed HRES, 4 batteries are used. The capital cost is $3,540 and the replacement cost is $1,297 for the whole system lifetime. The operation and maintenance cost is $25 per year.
Optimization models need to be developed and simulated to get the best optimal operation of the system. The HOMER software founded and developed by National Renewable Energy Laboratory (NREL) in Colorado, United State of America is selected as the main platform to carry out simulation tasks. The HOMER modeling software will perform simulation on combination of selected components for sizing and operation of generating system. The optimum sizing and the best strategy operational for a Hybrid Renewable Energy System will be determined based on optimization and sensitivity analyses to obtain the lowest cost involved and the best solution of development of hybrid renewable energy system.
IV. RESULT & DISCUSSIONS
The optimization results of hybrid renewable energy systems developed using HOMER are shown in Figure 2 . The HRES with 10kW PV panels, 15kW Biomass Generator, 4 batteries and converter have the lowest total net present cost (NPC) at $92,592 and the cost of electricity per kWh is only $0.216.
Figure 2. Optimization result
For this configuration system, based on the electricity produced, the Biomass Generator is the big contributor with 73%, and another 27% of energy is generated from PV panels. The total energy generated is 47,251kWh/year and the consumption of AC primary load for IPPH is 47,187kWh/year. The HRES has also been configured with load following dispatch strategy. A load following dispatch strategy is the situation when the generator runs, it produces just enough energy to meet the loads. From that result, the excess electricity is only 46.4 kWh/year. It also means the surplus of electrical production cannot be used by the system is only around 0.1%. The energy generated by HRES developed is shown in Figure 3 . 
V. CONCLUSION
The results obtained from simulation of the proposed HRES consist of solar and biomass energy resources show that the system can meet the IPPH, UPM's load demand. The system can also make the cost of energy (COE) is only $0.214/kWh with the excess electricity is only 46.4 kWh/year. The result shows that the hybrid renewable energy system (HRES) is much cheaper for electricity production but the selection of the resources must be economical and sustainable. The IPPH, UPM can consider this result as a preliminary study to develop the HRES for their own use and to cater the high load operational in IPPH, UPM.
